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(54) Method of reducing consumption of toner material used in electrophotographic process,
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(57)  Amethod of reducing consumption of toner ma-

terial used in an electrophotographic processor that
forms a latent electrostatic image on a charged photo-
sensitive object using a laser exposure unit (20) for out-
putting a laser beam, the method including adjusting a
power of the laser beam to match a user-selected den-
sity of an output image so as to adjust an electric poten-
tial between an image region and a non-image region
of the latent electrostatic image, wherein the consump-
tion of the toner material is reduced, and an electropho-
tographic processor performing the method.

70
72 73 o
{ l :
LGHT LASER BEAM
RECENING |—={ POWER FEEDBACK o1 60
UNIT UNIT |
| KEY INPUT
7S5 742 j“ 73a 751 ONIT
[ T ireroem REFERENCE
CONTROLLER POWER VOLTAGE
COMPARATOR SETTING UNIT
N 20
62 g
21 20 j: 24
Bj —= - S

Printed by Jouve, 75001 PARIS (FR)



1 EP 1394 733 A1 2

Description

[0001] The presentinvention relates to an electropho-
tographic processor using a laser beam scanning unit
(LSU) as an optical source, and, more particularly, to a
method of reducing consumption of a developer used in
an electrophotographic processor.

[0002] Figure 1 is a diagram of a general electropho-
tographic processor including a charging unit 10, a laser
exposure unit 20, a photosensitive object 30, a devel-
oping unit 40, and a transferring unit 50.

[0003] The photosensitive object 30 is charged with
electricity by the application of a high negative voltage
by the charging unit 10. An exposure process is per-
formed on the photosensitive object 30 using a laser
beam emitted from the laser exposure unit 20 in order
to form a latent electrostatic image thereon. The devel-
oping unit 40 adheres a developing solution to the latent
electrostatic image formed on the photosensitive object
30 to form a visual image on the photosensitive object
30. The transferring unit 50 transfers the visual image
formed on the photosensitive object 30 to paper S.
[0004] There are various methods of reducing con-
sumption of a developer in the above electrophoto-
graphic processor. These methods are: (i) modulating a
pulse width to reduce the pulse width of a print data sig-
nal; (ii) reducing a developing bias voltage applied to the
developing unit so as to apply less developer; and (iii)
lightly outputting an image using a dithering technique.
[0005] However, method (i) of reducing a pulse width
of print data increases a radiation rate of an electromag-
netic interference (EMI) of an electrophotographic proc-
essor, method (ii) of reducing a developing bias voltage
pollutes a non-image region of an output image with a
developer, and method (iii) of using the dithering tech-
nigue lowers the resolution of an output image.

[0006] According tothe presentinvention there is pro-
vided an apparatus and method as set forth in the ap-
pended claims. Preferred features of the invention will
be apparent from the dependent claims, and the de-
scription which follows.

[0007] The presentinvention provides a method of re-
ducing consumption of a developer in an electrophoto-
graphic processor by adjusting the power of a laser
beam to correspond to a set density of an output image.
[0008] The present invention also provides an elec-
trophotographic processor performing such a method.
[0009] According to one aspect of the present inven-
tion, there is provided a method of reducing consump-
tion of a developer used in an electrophotographic proc-
essor that forms a latent electrostatic image on a
charged photosensitive object using a laser exposure
unit for outputting a laser beam, the method comprising
adjusting a power of the laser beam to match a user-
selected density of an output image so as to adjust an
electric potential between an image region and a non-
image region of the latent electrostatic image, wherein
the consumption of the developer is reduced.
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[0010] According to another aspect of the present in-
vention, there is provided an electrophotographic proc-
essor that includes a laser exposure unit having a laser
diode for radiating a laser beam based on print data, a
photosensitive object onto which the laser beam is ra-
diated to form a latent electrostatic image, a charging
unit, a developing unit, and a transferring unit, the elec-
trophotographic processor comprising: a key input unit
manipulated by a user to output a density set signal of
animage and a printinstruction signal, and a laser beam
power control unit controlling power of the radiated laser
beam, through feedback of the power, in response to
the print instruction signal and the density set signal.
[0011] For a better understanding of the invention,
and to show how embodiments of the same may be car-
ried into effect, reference will now be made, by way of
example, to the accompanying diagrammatic drawings
in which:

Figure 1 is a diagram of a general electrophoto-
graphic processor;

Figure 2 is a flowchart illustrating a method of re-
ducing consumption of a developer in an electro-
photographic processor according to an embodi-
ment of the present invention;

Figure 3 is a flowchart illustrating an embodiment
of action 20 of Figure 2; and

Figure 4 is a diagram of an electrophotographic
processor performing the method of Figure 3.

[0012] An exposure process, a developing process,
and the power of a laser beam will now be briefly ex-
plained before describing a method of reducing con-
sumption of a developer in an electrophotographic proc-
essor according to an embodiment of the present inven-
tion.

[0013] An exposure process is performed in an elec-
trophotographic processor, using a laser exposure ap-
paratus. In the exposure process, when a laser beam is
radiated onto a charged photosensitive drum, a latent
electrostatic image is formed on the photosensitive
drum due to a difference in electric potential between
an exposed region and a non-exposed region of the
photosensitive drum. Radiation of a laser beam onto the
photosensitive drum charged with a negative voltage (-),
e.g., - 800V, results in a reduction in the electric poten-
tial at a region of the photosensitive drum exposed to
the laser beam. In this case, the voltage of the exposed
region becomes approximately 0 V, while the voltage of
anon-exposed region is maintained at-800 V. The latent
electrostatic image is formed due to this difference in
electric potential between the exposed image region
and the non-exposed image region.

[0014] A developing process is performed by a devel-
oping apparatus, in which a toner, which is a developer,
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is adhered to the latent electrostatic image on a photo-
sensitive object to form a visual image thereon. In gen-
eral, the density of the visual image is adjusted to make
the image appear dimmer by reducing a developing bias
voltage.

[0015] An adjustment in the power of the laser beam
radiated onto the photosensitive object changes the size
or depth of the image area of the latent electrostatic im-
age, which is covered with a developer, thereby adjust-
ing the density of the visual image. For instance, a re-
duction in the power of the laser beam results in a re-
duction in the size of an image region of the charged
photosensitive object where the electric potential is to
be reduced by irradiation by the laser beam. As a result,
the electric potential of the irradiated region is not com-
pletely reduced to OV. Accordingly, consumption of a de-
veloper applied onto the image region can be reduced.
In contrast, an increase in the power of the laser beam
results in an increase in the density of an image, and an
increase in consumption of the developer.

[0016] Hereinafter, a method of reducing consump-
tion of a developer used in an electrophotographic proc-
essor will be described with respect to the accompany-
ing drawings.

[0017] Figure 2 is a flowchart illustrating a method of
reducing consumption of a developer used in an elec-
trophotographic processor according to an embodiment
of the present invention. The method of Figure 2 in-
cludes checking whether there is a print job to be per-
formed (action S10), adjusting the power of a laser
beam (action S20) , and performing the print job (action
S30).

[0018] More specifically, a check is continuously per-
formed to determine whether there is a print job instruct-
ed by the outside in action S10. If it is determined that
any print job is instructed, the power of the laser beam
is adjusted, using automatic power control (APC), based
on the density of an output image set in the electropho-
tographic processor, in action S20. The adjustment of
the laser beam power using the APC is accomplished
by converting the power of the laser beam into a voltage,
and adjusting the voltage to approximate a reference
voltage corresponding to a predetermined laser beam
power.

[0019] Figure 3 is a flowchart illustrating an embodi-
ment of action S20 of Figure 2. According to this em-
bodiment, action S20 includes setting a reference volt-
age corresponding to the predetermined power of the
laser beam (action S21), feeding back the power of the
laser beam (action S22), comparing the power of the
laser beam with the reference voltage (action S23),
checking the power of the laser beam (action S24), and
adjusting the power of the laser beam (action S25).
[0020] In detail, the reference voltage is set to corre-
spond to a predetermined density of an output image so
as to perform feedback control on the power of the laser
beam, in action S21.

[0021] Next, the power of the radiated laser beam is
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converted into a voltage and fed back, to be compared
with the reference voltage, in action S22.

[0022] In action S23, the power of the laser beam,
which is converted into a voltage, is compared with the
reference voltage to measure a difference therebe-
tween. According to an embodiment of action S23 ac-
cording to the present invention, it is determined wheth-
er the power of the laser beam, which is converted into
a voltage, is higher or lower than the reference voltage.
According to another embodiment of action S23, a dif-
ference between the power of the laser beam, which is
converted into a voltage, and the reference voltage is
measured. Here, an analog-to-digital (A/D) converter
may be used.

[0023] Inaction S24, itis determined whether the volt-
age difference measured in action S23 falls within a pre-
determined range of the reference voltage.

[0024] In action S25, when it is determined in action
S24 that the voltage difference does not fall within the
predetermined error range, the laser beam power is de-
creased if the voltage difference is a positive (+) value,
and increased if the voltage difference is a negative (-)
value. After adjustment of the laser beam power, the
method is performed again starting from action S22. If
it is determined in action S24 that the voltage difference
falls within the predetermined range, action S30 is per-
formed.

[0025] In action S30, a print job, which includes a
charging process, an exposure process, a developing
process, and a transferring process, is carried out.
[0026] In the method according to an embodiment of
the present invention, the consumption of a developer
used in an electrophotographic process can be reduced
by adjusting the power of a laser beam to be identical
with the density of an output image set in the electro-
photographic processor, thereby adjusting an electric
potential between an image region and a non-image re-
gion of a latent electrostatic image.

[0027] Figure 4 is a diagram of an electrophotograph-
ic processor performing the method of Figure 3. Refer-
ring to Figure 4, the electrophotographic processor in-
cludes a charging unit 10, a laser exposure unit 20 hav-
ing a laser diode for radiating a laser beam according to
print data, a photosensitive object 30, a developing unit
40, a transferring unit 50, a key input unit 60, and a laser
beam power control unit 70.

[0028] The laser exposure unit 20 includes a polygo-
nal mirror 22, an f-0 lens 23, a reflector 24, and a laser
beam outputting unit 21. In detail, the polygonal mirror
22, which is also called a polygonal rotating mirror,
scans a laser beam, which forms a point of light, on a
photosensitive object at equiangular velocity, according
to a deflection principle of a rotating mirror. The f-6 lens
23 focuses the laser beam on a certain point of the pho-
tosensitive object and alters the laser beam, which is
scanned at the equiangular velocity using the polygonal
mirror, at equiangular velocity. The reflector 24 changes
an optical path so that less space is required.
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[0029] The laser beam outputting unit 21 includes the
laser diode (LD), an LD control circuit, and a collimation
lens, and outputs a laser beam, which has a predeter-
mined power and a predetermined pulse width, to form
as a point of light in response to print data input from
the outside. The power of the output laser beam chang-
es even with constant input current due to changes in
ambient temperature surrounding the LD, according to
the thermal characteristics of the LD. To maintain this
temperature dependent change in the power of the laser
beam within a predetermined tolerance range, the laser
beam outputting unit 21 performs automatic beam pow-
er control (APC) that monitors feedback of the laser
beam.

[0030] The key input unit 60 is manipulated by a user
to output a signal 61 for setting the density of an image
(hereinafter referred to as 'density set signal 61') and a
print instruction signal 62.

[0031] Referring to Figure 4, the laser beam power
control unit 70 includes a reference voltage setting unit
71, a light receiving unit 72, a laser beam power feed-
back unit 73, a laser beam power comparator 74, and a
controller 75.

[0032] The reference voltage setting unit 71 outputs
a reference voltage for feedback control of the laser
beam power, in response to the density set signal 61.
The reference voltage setting unit 71 may be embodied
as a digital-to-analog (D/A) converter that outputs the
reference voltage in response to the density set signal
61 that is input as a predetermined bits. The reference
voltage, which is converted from the power of the laser
beam for feedback control, can be obtained by combin-
ing a predetermined resistance, which corresponds to
the density set signal 61, with a reference voltage output
from the D/A converter.

[0033] The light receiving unit 72 is a photoelectric
converter, such as a photodiode, that performs photoe-
lectric conversion on a radiated laser beam and outputs
an electric current corresponding to the intensity of the
laser beam. The light receiving unit 72 may be connect-
ed to the LD of the laser outputting unit 21.

[0034] The laser beam power feedback unit 73, pro-
vided with an electric current from the light receiving unit
72, converts the electric current into voltage using an
OP amplifier and resistance capacitors, and outputs the
voltage as voltage 73a that corresponds to the power of
the laser beam.

[0035] In response to the print instruction signal 62
and the laser beam power comparing signal 74a, the
controller 75 checks whether the laser beam power
comparing signal 74a falls within a predetermined toler-
ance error range of the power of the laser beam. Then,
the controller 75 adjusts the electric current to be sup-
plied to the LD such that the power of the laser beam is
increased when the laser beam power comparing signal
74a is a positive (+) value, and is decreased when this
signal is a negative (-) value, and outputs the adjusted
electric current to the laser exposure unit 20.
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[0036] As described above, using the method of re-
ducing consumption of a developer used in an electro-
photographic processor and the electrophotographic
processor performing the method, according to an em-
bodiment of the present invention, consumption of a de-
veloper can be reduced without polluting a non-image
region of a latent electrostatic image.

[0037] Although a few preferred embodiments have
been shown and described, it will be appreciated by
those skilled in the art that various changes and modi-
fications might be made without departing from the
scope of the invention, as defined in the appended
claims.

[0038] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this specifica-
tion, and the contents of all such papers and documents
are incorporated herein by reference.

[0039] All of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or proc-
ess so disclosed, may be combined in any combination,
except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.

[0040] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0041] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any meth-
od or process so disclosed.

Claims

1. A method of reducing consumption of a developer
used in an electrophotographic processor that
forms a latent electrostatic image on a charged pho-
tosensitive object using a laser exposure unit (20)
for outputting a laser beam, the method comprising:

adjusting a power of the laser beam to match a
user-selected density of an output image so as
to adjust an electric potential between an image
region and a non-image region of the latent
electrostatic image;

wherein the consumption of the developer is
reduced.
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2. The method of claim 1, comprising:

continuously determining whether a print job is
instructed from outside;

adjusting the power of the laser beam using
feedback control to match the density of the
output image in the electrophotographic proc-
essor, in response to determining that the print
job is instructed from the outside; and perform-
ing the print job.

3. The method of claim 2, wherein the adjusting the

power of the laser beam comprises:

setting a reference voltage for the feedback
control based on the density of the output im-
age;

converting the power of the output laser beam
into a feedback voltage;

comparing the feedback voltage with the refer-
ence voltage, and measuring a difference be-
tween the feedback voltage and the reference
voltage;

determining whether the measured difference
between the feedback voltage and the refer-
ence voltage falls within a predetermined toler-
ance error range; and

adjusting the power of the laser beam in re-
sponse to the measured voltage difference not
falling within the predetermined tolerance error
range, wherein the power of the laser beam is
decreased in response to the feedback voltage
being more than the reference voltage, and the
power of the laser beam is increased in re-
sponse to the feedback voltage being less than
the reference voltage;

wherein the converting the power of the out-
put laser beam into the feedback voltage, compar-
ing the feedback voltage with the reference voltage,
determining whether the measured difference be-
tween the feedback voltage and reference voltage
falls within the predetermined tolerance errorrange,
and adjusting the power in response to the meas-
ured voltage difference are repeated until the meas-
ured difference falls within the predetermined toler-
ance error range.

An electrophotographic processor that is manipu-
lated by a user to output a density set signal of an
image and a print instruction signal; and

a laser beam power control unit (70) control-
ling power of the radiated laser beam, through feed-
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back of the power, in response to the print instruc-
tion signal and the density set signal.

The electrophotographic processor of claim 4,
wherein the laser beam power control unit (70) com-
prises:

a reference voltage setting unit (71) outputting
a reference voltage for the feedback control of
the power of the laser beam in response to the
density set signal;

a light receiving unit (72) receiving the radiated
laser beam and outputting an electric current
corresponding to an intensity of the laser beam;

a laser beam power feedback unit (73) receiv-
ing the electric current output from the light re-
ceiving unit (72), converting the electric current
into feedback voltage, and outputting the feed-
back voltage;

a laser beam power comparing unit (74) com-
paring the reference voltage with the feedback
voltage, and outputting the comparison result
as a laser beam power comparing signal; and

a controller (75) determining whether the laser
beam power comparing signal falls within a pre-
determined tolerance error range of the power
of the laser beam, and adjusting the power of
the laser beam in response to the laser beam
power comparing signal not falling within the
predetermined tolerance error range.

The electrophotographic processor of claim 5,
wherein the reference voltage setting unit (71) com-
prises a digital-to-analog (D/A) converter outputting
the reference voltage in response to the density set
signal.

The electrophotographic processor of claim 5 or 6,
wherein in response to the laser beam power com-
paring signal not falling within the predetermined
tolerance error range, the controller (75) increases
the laser beam power in response to the laser beam
power comparing signal indicating the feedback
voltage is lower than the reference voltage, and de-
creases the laser beam power in response to the
laser beam power comparing signal indicating the
feedback voltage is higher than the reference volt-
age.

A method of reducing consumption of a developer
used in an electrophotographic processor with a la-

ser exposure unit (20), the method comprising:

setting a reference signal corresponding to a
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desired printing density;

sampling a power of the laser exposure unit
(20) as a feedback signal;

comparing the reference signal to the feedback
signal; and

adjusting the power of the laser exposure unit
(20) so that the feedback signal approximates
the reference signal.

The method of claim 8, wherein the power of the
laser exposure unit (20) is increased in response to
the feedback signal being lower than the reference
signal, and the power of the laser exposure unit (20)
is decreased in response to the feedback signal be-
ing higher than the reference signal.

An electrophotographic processor having a laser
exposure unit (20), comprising:

a laser beam power control unit (70) sampling
a power of a laser beam output by the laser ex-
posure unit (20) as a feedback signal, compar-
ing the feedback signal to a predetermined ref-
erence signal, and adjusting the power of the
laser beam according to the feedback signal;

wherein the reference signal corresponds to
a desired printing density, and the power of the laser
beam is adjusted to approximate the desired print-
ing density.

The electrophotographic processor of claim 10, fur-
ther comprising a key input unit (60) to input the de-
sired printing density.

The electrophotographic processor of claim 10 or
11, wherein the laser beam power control unit (70)
comprises:

a reference signal setting unit setting the refer-
ence signal corresponding to the desired print-
ing density, and outputting the reference signal.

The electrophotographic processor of claim 10, 11
or 12 wherein the laser beam power control unit (70)
comprises a light receiving unit (72) photoelectrical-
ly converting the laser beam and outputting an elec-
tric current corresponding to the power of the laser
beam.

The electrophotographic processor of claim 13,
wherein the laser beam power control unit (70) com-
prises a laser beam power feedback unit (73) con-
verting the electric current to a feedback signal.
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16.
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The electrophotographic processor of claim 14,
wherein the laser beam power control unit (70) com-
prises a laser beam power comparison unit com-
paring the feedback signal with the reference sig-
nal, and outputting a comparison signal.

The electrophotographic processor of claim 15,
wherein the laser beam power control unit (70) com-
prises a controller (75) adjusting the power of the
laser beam in response to the feedback signal being
outside a predetermined error range of the refer-
ence signal.
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FIG. 3
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FIG. 4
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